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This annotation describes some early rat studies which conclude 
that parathyroid hormone (PTH) has more dramatic stimulatory 
effects on bone repair than on untraumatized bone. It also sug- 
gests, based on the effects of PTH on osteoblasts, that it is more 
likely to accelerate normal fracture healing than to prevent non- 
union. The only 2 controlled clinical trials that have been pub- 
lished are critically discussed. Although both are encouraging and 
appear to show acceleration of normal fracture healing, they have 
methodological shortcomings that preclude definitive conclusions. 



Intermittent PTH treatment increases the number of 
osteoblasts 

A stimulatory effect of parathyroid extracts on bone formation 
was described already in 1932 (Selye 1932), but this finding 
was more or less forgotten, since continuous overproduction 
of parathyroid hormone (PTH) was found to cause bone loss. 
When it was later discovered (or rediscovered) that intermit- 
tent dosing of PTH has anabolic effects on bone, PTH became 
a hormone of interest for treatment of osteoporosis. Then 
suddenly, at least one drug company cancelled its attempts to 
develop PTH into an osteoporosis drug when it was found that 
it can cause osteosarcoma in rats (Vahle et al. 2002). However, 
it turned out that this phenomenon was specific for a certain 
strain of rat, and only with lifelong treatment at extreme doses, 
starting at birth (Vahle et al. 2004). For humans, the risk is 
minimal. 

Now, there are two PTH-related drugs on the market for 
treatment of osteoporosis, a segment of the protein (1-34) or 
the full length protein (1-84). These drugs increase the cancel- 
lous bone mass and reduce the risk of vertebral and non-ver- 
tebral fractures (Neer et al. 2001). The mechanism of action is 
complicated and not fully understood. It interacts with several 
signaling pathways, and is related to mechanical loading. One 
important result of these processes is that it increases osteo- 
blast recruitment and survival, leading to an increased number 
of these bone-making cells (Jilka 2007). 



PTH is a potent stimulator of bone formation, espe- 
cially at sites of regeneration 

Troels Andreassen in Arhus, Denmark, was the first to show 
accelerated fracture repair with PTH (Andreassen et al. 
1999). His group studied the healing of tibial shaft fractures 
in rats, and noted increased strength and improved histologi- 
cal maturity, using very high doses of PTH (1-34). He then 
persuaded me to study the effects of PTH in bone chambers 
(Skripitz et al. 2000a). This enabled us to compare the effects 
on regenerating bone with those on bone undergoing normal 
baseline remodeling. The bone chambers are empty compart- 
ments inside titanium implants. After insertion, they will be 
filled with newly-formed bone. The amount of bone inside the 
chamber becomes a measure of the bone-forming capacity of 
the animal. 6 weeks after implantation, the chamber contained 
mainly bone marrow with few trabeculae. With a high dose 
of PTH, the chamber instead contained almost compact bone 
(Skripitz et al. 2000a). The difference was even apparent with 
the naked eye. In contrast to these striking effects, we could 
see only a minimal-or no-effect on the cancellous bone of a 
vertebra or the distal femur (Skripitz 2000b). This encouraged 
us to study the effect in a model for cancellous bone heal- 
ing. At that time there were no such models, but we realized 
that drilling a hole into cancellous bone would cause a healing 
response. If a screw were to be placed in the hole, this response 
would form new bone tissue, grasping the threads and holding 
the screw in place. By measuring the force needed to pull the 
screw out, we could get a measurement of the strength of the 
bone formed as a result of the cancellous healing response. 
In this model, we were able to triple the pull-out force by 6 
weeks of PTH treatment (Skripitz and Aspenberg 2001a, b). A 
long series of other animal experiments have then confirmed 
the positive effects of PTH on fracture healing in different spe- 
cies, locations, and under various pathological conditions (for 
a review, see Skripitz and Aspenberg 2004). 

From rats to humans 

The rat experiments used huge doses, and although we tried 
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to reduce them, we did not know how to translate dosing from 
rats to humans. Only recently have we been able to repeat the 
screw pull-out experiment using a dose of PTH (1-34) that is 
nowadays considered to be clinically relevant (Vahle 2004), 
and we have still found a dramatic response (submitted manu- 
script). Moreover, even with correct dosing, in those days it 
was far from certain that our findings would be relevant to 
humans anyway-considering other species differences, not 
least the difference in size. 

PTH acts mainly by increasing the longevity of osteoblasts. 
It is not a differentiation factor like the Bone Morphogenetic 
Proteins (BMPs). Thus, if fracture healing in a patient has 
never started properly (e.g. due to NSAIDs, extensive soft 
tissue damage, or infection), it is unlikely that PTH treatment 
can help. In the case of normal healing, however, there will be 
lots of osteoblasts in place in the fracture callus. If PTH can 
make these cells work harder and longer, more patients might 
reach functional restoration at an early time point. 

A failed wrist fracture study with interesting findings 

In the year 2000, 1 was invited to the drug Company Eli Lilly to 
talk about our experiments. They were developing PTH (1-34) 
into an osteoporosis drug. I had with me a suggestion for a 
small single-center trial on unoperated distal radial fractures, 
with evaluation of local bone density at a single time point 
as the suggested primary outcome variable. This led to years 
of discussion, and for a long time it was uncertain whether 
there would ever be any study. Finally, however, in 2004 a 
randomized, double-blind, multicenter trial was launched. The 
primary outcome variable was the time to radiographic heal- 
ing, defined as restored cortical continuity in 3 out of 4 visible 
bone contours. 

The patients were randomized in 3 groups: placebo, ordi- 
nary osteoporosis dose (20 ug), or double dose (40 ug). 
Radiographs were obtained every second week from 5 weeks 
onward, and the hypothesis was that the double dose would 
shorten the time to cortical continuity in comparison to the 
placebo group. We found no such difference (Aspenberg et 
al. 2010). 

However, in spite of the lack of an effect of 40 ug, a post 
hoc analysis showed that the 20 ug group had a shorter time 
to continuity than controls (7 vs. 9 weeks; p = 0.003), and an 
analysis of all 3 groups together showed a p-value of 0.01. So 
there is little doubt that PTH had somehow influenced frac- 
ture healing. We now know that PTH, especially at the 40 ug 
dose, increases cortical remodeling in the radius, leading to 
increased porosity. Perhaps the increased remodeling had also 
blurred the new-forming contours that defined healing. 

The "potato-sorting method" showed a clearer result 
than time to cortical healing 

The wrist fracture study became a severe challenge, because 
precisely at this time, most centers with an interest in radial 
fractures and research switched to operative treatment of 



almost all fractures. It took 2.5 years and 14 centers in 7 
countries to collect 105 fractures. A third of the patients were 
recruited in Linkoping. This enabled us to study a variant of 
the outcome variable that I had originally suggested, namely 
the radiographic status at 5 weeks. This is the time point when 
we tell the patient that she can start using her hand to hold a 
coffee cup, to open doors, and to carry her handbag. We there- 
fore considered the status at 5 weeks to be a more relevant 
variable than the time to cortical continuity, and evaluated it in 
Linkoping outside of the official protocol. 

We used the "potato-sorting method". Everyone can tell a 
big potato from a small potato without size definitions. Simi- 
larly, we classified the appearance of the 5-week radiographs 
as poor, intermediate, or good, deliberately without defining 
what it meant. After unblinding, it turned out that our clas- 
sification was spectacularly accurate, with a clear relationship 
to the PTH dose. Of 8 placebo patients, 7 were classified as 
poor. Of 10 patients given 40 ug, only 1 was classified as poor 
(Aspenberg and Johansson 2010). 

Having seen this, we went back to the radiographs to see 
what we had really meant by poor etc. It turned out that the 
"poor" cases never showed any visible bone callus at all, 
whereas the "good" cases showed a distinct bony callus, and 
the intermediate cases at least showed a suspected callus. 

Based on its effects on osteoblast formation and survival, 
is reasonable to assume that PTH would mainly increase the 
formation of an early bony callus, whereas cortical conti- 
nuity is the result of more complicated phenomena that are 
not necessarily stimulated by PTH. Thus, I think that early 
callus is a better radiographic outcome variable for this kind 
of study. 

The wrist studies are encouraging, but not conclusive 

How should we interpret the results of the 2 papers on the 
wrist study? It must be remembered that the primary hypoth- 
esis could not be confirmed. All positive outcomes are from 
post hoc analyses. Even though they appear compelling, they 
should not be taken as proof of accelerated healing. There is a 
need for a confirmatory study. Furthermore, the study was not 
designed to evaluate clinical benefit for the patient. 

Osteoporotic pelvis fractures. A randomized trial? 

There has only been one more controlled study of PTH and 
fracture healing. Peichl et al. (2011) studied pelvis ramus 
fractures in 65 osteoporotic women. 21 women received daily 
injections of PTH (1-84), and 44 did not receive any extra 
treatment. CT of the pelvis after 8 weeks showed that all PTH 
patients had healed, and that only 4 of the controls had healed. 
14 control patients remained unhealed even after 12 weeks. 
VAS for pain at 8 weeks was considerably lower for the PTH 
patients. The PTH patients could rise from a chair, walk 3 
meters, and sit down again in 23 seconds (the timed up-and- 
go, TUG, test), whereas the controls needed 54 s. This is a very 
impressive difference, but also confusing, considering that the 
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normal value for 80-90 year olds is 1 1 s (Bohannon 2006). 
Patients with pertrochanteric hip fractures at discharge from 
hospital, on average 10 days after surgery, have a TUG time 
of 29 s (Kristensen 2012). Patients scheduled for hip replace- 
ment, who are in need of a walker, have 20 s (Unnanuntana 
2012). It seems that the patients in Peichls study were far from 
functionally rehabilitated. 

When reading the article, one is struck by the confusing 
description of the patient allocation process. The study is pre- 
sented as a randomized controlled trial, but there is no men- 
tion of ethical approval, patient consent, or study registration. 
After personal contact, the senior author has informed me 
that 2 hospitals were involved. In one of them, every second 
patient was given PTH. For each untreated patient at that hos- 
pital, another untreated patient was also included from the 
other hospital, where none of the patients were given PTH. 
This study therefore has more of the elements of a case-con- 
trol study than of a randomized trial, although it takes some 
scrutiny to realize that. The study design opens for the pos- 
sibility of both sampling bias and placebo effects, and details 
of the blinding of the reviewers of the radiographs, who were 
also treating physicians, are not given. In spite of these short- 
comings, the treatment effects were so dramatic that it is dif- 
ficult to believe something other than that they reflect a true 
treatment effect of PTH. 

Case series may be misleading 

I have refrained from discussion of case series, which mainly 
deal with treatment started late because of fear of non- 
union. This opens for a phenomenon related to regression to 
the mean (some cases were about to heal anyway, although 
slower than average). Like many other variables, the healing 
time is likely to be log-normally distributed, which means 
that the most common healing time is shorter than the mean 
healing time, and that a few patients-just by chance-will 
have a considerably longer healing time without necessarily 
being problematic. 

Conclusion 

In summary, there is robust evidence from animal experiments 
that PTH can improve normal fracture healing, but this has still 
not been demonstrated beyond reasonable doubt in humans. 
The wrist study was correctly performed to avoid bias and pla- 
cebo effects, but the positive effects were only seen in second- 
ary endpoints and in a subgroup analysis. The pelvic study had 



serious design flaws. It is, however, a very good idea to study 
pelvic fractures and to use the timed up-and-go test. Let us 
hope that this trial can be successfully repeated! 



Andreassen TT, Ejersted C, Oxlund H. Intermittent parathyroid hormone 
(1-34) treatment increases callus formation and mechanical strength of 
healing rat fractures. J Bone Miner Res 1999; 14 (6): 960-8. 

Aspenberg P, Johansson T. Teriparatide improves early callus formation in 
distal radial fractures. Acta Orthop 2010; 81 (2): 234-6. 

Aspenberg P, Genant H K, Johansson T, Nino A J, See K, Krohn K, et al. 
Teriparatide for acceleration of fracture repair in humans: a prospective, 
randomized, double-blind study of 102 postmenopausal women with distal 
radial fractures. J Bone Miner Res 2010; 25 (2): 404-14. 

Bohannon R W. Reference values for the timed up and go test: a descriptive 
meta-analysis. J Geriatr Phys Ther 2006; 29 (2): 64-8. 

Jilka R L. Molecular and cellular mechanisms of the anabolic effect of inter- 
mittent PTH. Bone 2007; 40 (6): 1434-46. 

Kristensen M T. Hip fracture-related pain strongly influences functional per- 
formance of patients with an intertrochanteric fracture upon discharge from 
the hospital. PM & R 2012 (e-pub ahead of print). 

Neer R M, Arnaud C D, Zanchetta J R, Prince R, Gaich G A, Reginster J Y, 
et al. Effect of parathyroid hormone (1-34) on fractures and bone mineral 
density in postmenopausal women with osteoporosis. N Engl J Med. 2001; 
344(19): 1434-41. 

Peichl P, Holzer L A, Maier R, Holzer G. Parathyroid hormone 1-84 acceler- 
ates fracture-healing in pubic bones of elderly osteoporotic women. J Bone 
Joint Surg (Am) 2011; 93 (17): 1583-7. 

Selye H. Histological evidence proved that parathyroid extract stimulates 
bone formation. Endocrinology 1932; 16: 547-58. 

Skripitz R, Aspenberg P. Early effect of parathyroid hormone (1-34) on 
implant fixation. Clin Orthop 2001a; (392): 427-32. 

Skripitz R, Aspenberg P. Implant fixation enhanced by intermittent treatment 
with parathyroid hormone. J Bone Joint Surg (Br) 2001b; 83 (3): 437-40. 

Skripitz R, Aspenberg P. Parathyroid hormone— a drug for orthopedic sur- 
gery? Acta Orthop Scand 2004; 75 (6): 654-62. 

Skripitz R, Andreassen T T, Aspenberg P. Parathyroid hormone (1-34) 
increases the density of rat cancellous bone in a bone chamber. A dose- 
response study. J Bone Joint Surg (Br) 2000a; 82 (1): 138-41. 

Skripitz R, Andreassen T T, Aspenberg P. Strong effect of PTH (1-34) on 
regenerating bone: a time sequence study in rats. Acta Orthop Scand 
2000b; 71 (6): 619-24. 

Unnanuntana A, Mait J E, Shaffer A D, Lane J M, Mancuso C A. Perfor- 
mance-based tests and self-reported questionnaires provide distinct infor- 
mation for the preoperative evaluation of total hip arthroplasty patients. J 
Arthroplasty 2012; 27 (5): 770-5. 

Vahle J L, Sato M, Long G G, Young J K, Francis P C, Engelhardt J A, et al. 
Skeletal changes in rats given daily subcutaneous injec tions of recombinant 
human parathyroid hormone (1-34) for 2 years and relevance to human 
safety. Toxicol Pathol 2002; 30 (3): 312-21. 

Vahle J L, Long G G, Sandusky G, Westmore M, Ma Y L, Sato M. Bone 
neoplasms in F344 rats given teriparatide [rhPTH( 1-34)] are dependent on 
duration of treatment and dose. Toxicol Pathol 2004; 32 (4): 426-38. 



